ABSTRACT A study was conducted to evaluate the effect of dietary selenium (Se) sources (organic and inorganic Se at 0.30 ppm and basal diet at 0 ppm level of supplemented Se) on hatching traits in four varieties of Aseel chicken, Lakha, Mushki, Peshawari, and Mianwali. In total, 84 adult molted hens (50 wk old), 21 from each variety, were randomly assigned to 12 treatment groups in a 3 (Se diets) × 4 (Aseel varieties) factorial arrangement under a randomized complete block design. Each treatment was replicated 7 times with individual hens in each. Settable egg, fertility, hatch of fertile eggs, hatchability, A-grade chick, and embryonic mortality parameters were evaluated. The results indicated that the birds fed an organic Se supplemented diet had greater (P < 0.05) settable eggs, fertility, hatch of fertile eggs, hatchability, and A-grade chicks and reduced embryonic mortality than those fed inorganic or no Se. Among varieties, Mushki had lower (P < 0.05) fertility, hatch of fertile eggs, hatchability, and A-grade chicks than rest of three varieties. Interaction of Se sources and varieties indicated that dietary organic Se supplementation improved (P < 0.05) hatch of fertile eggs in Peshawari and Mianwali, whereas hatchability only in Peshawari variety and reduced embryonic mortality in Mianwali. It was concluded that dietary supplementation of organic Se could be used to improve hatching traits as well as reduce embryonic mortality in native Aseel chicken.
INTRODUCTION
Aseel is a one of the prominent breeds of indigenous poultry in the Indo-Pak subcontinent, mainly used either as a game bird or as backyard poultry in the rural areas (Khan, 2004) . The pugnacity, upright posture, small wattles, pea comb, prominent shoulders, narrow sternum, and firm muscular thighs with strong legs (Dohner, 2001 ) and heavy body weight (Ahmad et al., 2014) are well-known characteristics of the Aseel. Its size is about 28 inches from back to toe, which is the largest among all native breeds of the Indo-Pak subcontinent. Four varieties of Aseel including Lakha (LK), Mushki (MS), Mianwali (MW), and Peshawari (PW) are found in Pakistan. LK Aseel possesses a reddish brown plumage with white and black mottling. The body weight of LK varies from 3.0 to 3.8 kg in males and 2.5 to 3.2 kg in females. MS Aseel is characterized by a black plumage with black pigmentation in beak and shanks. It has body weight range of 3.0 to 3.5 kg in males and 2.5 to 3.0 kg in females. Similarly, MW Aseel is characterized by a dark brown plumage and has body weight range of 2.5 to 3.0 kg in males and 2.0 to 2.2 kg in females. However, PW Aseel has a wheaten colored plumage. The body weight of PW varies from 2.8 to 3.2 kg in males and 2.2 to 2.5 kg in females (Babar et al., 2012) . On the basis of its body weight, robustness, diseases resistance, adaptability, and survival in harsh climatic conditions, the Aseel can be used as a meat-type bird. Hence, it is speculated that an improved Aseel chicken may help in the revival of native poultry and can bring the small poultry farmers back into business and help in poverty alleviation. The only hindrance, however, in the propagation of the Aseel is its late maturity (Rajput et al., 2005) , low fertility (Acharya and Kumar, 1984) , and low hatchability (Rajput et al., 2005) . Different techniques such as genetic selection, nutritional and management-related manipulations may help to ameliorate the poor reproduction performance of Aseel.
Dietary selenium (Se), an essential trace mineral for poultry (NRC, 1994) , directly influences the activity of glutathione peroxidase (GPx) in the chicken embryo (Surai, 2016) , improving hatchability of fertile eggs (Surai, 2006) . Dietary Se exists in two chemical forms, organic and the inorganic (Foster and Sumar, 1997) . Traditionally, Se has been added to poultry diets via inorganic sources, including sodium selenite (SS) and calcium selenide (Hess et al., 2000) . However, the use of this inorganic form of Se has been questioned because of some negative characteristics, such as toxicity, interactions with other minerals, poor retention, and low efficiency in the transference into tissues, and poor ability to maintain Se reserves in the body (Underwood and Suttle, 1999 ). An organic source of Se was, therefore, approved for use as a feed supplement in poultry diets (FDA, 2000) and later research also proved that the replacement of SS by organic Se is associated with increased fertility and hatchability in breeders (Surai, 2006) . Keeping in view that it was hypothesized that a balanced diet supplemented with Se may bring improvement in reproduction performance of Aseel, the present study was planned to evaluate the effect of different Se supplemental diets on hatching traits of different Aseel varieties.
MATERIALS AND METHODS

Ethical Note
Experimental procedures were in accordance with the guidelines and code of practice of the University of Veterinary and Animal Sciences (UVAS), Lahore. Ethical approval was granted before the execution of the trial.
Experimental Birds, Housing and Diets
The present study was executed at the Indigenous Chicken Genetic Resource Centre (ICGRC), Department of Poultry Production, Ravi Campus, UVAS, Lahore. In total, 84 adult molted hens (50 wk old) comprising four varieties of Aseel chicken, LK, MS, PW, and MW, 21 from each, were randomly allotted to 12 treatment groups in 3 (Se diets) × 4 (Aseel varieties) factorial arrangement, under randomized complete block design (RCBD). Each treatment was replicated 7 times with individual hens in each. The experiment was carried out in a well-ventilated opensided house with north to south dimension, measuring 6.11 × 6.11 m (37.33 m 2 ). The hens were maintained in three-tiered laying cages with a sloping wire floor to facilitate egg collection. The removable dropping trays were fitted under the mesh floor for the removal of droppings. Hens were kept separately in individual cages for separate recording of egg production. Stud mating system was followed in which one male was assigned to 7 females in each experimental group 1 wk before egg collection. Feed and water were provided through removable trough feeders installed in front of the cage and an automatic nipple drinking system, respectively. Before commencement of the trial, all birds had been molted once, and hens had returned to typical egg production levels by the start of the experiment. Hens were fed a corn-soybean meal diet adequate in all nutrients from the end of the molt until the start of the experiment. Birds in each variety were similar in body size and production. Same managerial, hygienic, and environmental conditions were provided to the birds. Vaccination and medication were done according to common veterinary practice under the supervision of a veterinarian.
Internal house temperature was recorded daily by using a minimum-maximum thermometer placed at the center of the house, and ranged between 20 and 24 • C and 34 and 38
• C, respectively. Relative humidity (RH) remained in the range of 40 to 60%. Approximately 20 lx of light was provided for 16 h a day. Hens received an iso-caloric and iso-nitrogenous (2682 ME Kcal/kg and 15.04% CP) diet. Basal diet (Table 1 ) was balanced to meet the requirements of breeders (NRC, 1994) . Prior to the study, basal diet was analyzed for Se content. The concentration of Se in the basal diet was 0.04 mg/kg. Selenium from SS and Se-enriched yeast (SY) (Se-yeast Sel-plex Alltech, Nicholasville, KY) was supplemented at 0.30 ppm into the basal diet, whereas the control diet (basal) had 0 ppm level of supplemented Se. Treatment diets were fed for 16 wk.
Collection, Storage and Setting of Hatching Eggs
Eggs were collected for a period of 16 wk. Collection of fertile eggs was started seven days after introducing the males. The eggs were collected four times daily and screened for cracks, morphological deformities, and dirt stains (soiled). Only sound eggs, without cracks and discoloration, were separated for incubation. The eggs were properly tagged to indicate the batch number, variety, and the date of lay before sending them to the hatchery fortnightly. Thereafter, they were stored for 14 days in an environmentally controlled room (10 to 12
• C and 75 to 80% RH) and then incubated in automatic incubator at 37.5
• C (99.5
• F) and 55% RH in trays identified per replicate. Proper cleaning, disinfection, and fumigation were carried out before setting of eggs. Candling was performed on the 18th day of incubation for the identification of fertile eggs. The process of candling was undertaken in a dark room using a candler. The fertile eggs were differentiated by a densely clouded and opaque network of veins, indicating development of an embryo within the egg, while the infertile eggs were translucent under the light. Numbers of infertile eggs and embryonic mortality were recorded. After candling, the fertile eggs were transferred into the hatching tray, according to the variety and then into the hatching chamber at 36.5
• C and 65% RH to complete incubation. After the hatch, chicks were left in the hatchery until they were 90% dried. On the 21st day, hatchlings (including the normal, weak, and abnormal) were taken out of the hatcher, counted, and weighed using a 500 g digital scale. The removed eggs and eggs not hatched on day 21 were broken to differentiate infertile eggs from those containing dead embryos (embryonic mortality). The normal and healthy chicks, having body weight 32 g or above, were put into the category of A-grade chicks.
Measurements
Settable egg (SE) percentage was calculated as the number of settable eggs as relative to the total number of eggs multiplied by 100, whereas fertility (F) percentage was calculated as the number of fertile eggs as relative to the total number of eggs set multiplied by 100. Hatchability (H) percentage was, similarly, calculated as the number of hatched chicks as relative to the total number of eggs set multiplied by 100, whereas hatch of fertile (HF) percentage was calculated as the number of hatched chicks as relative to the total number fertile eggs multiplied by 100. Embryonic mortality (EM) percentage was calculated as the number of dead embryos as relative to the total number of hatched chicks multiplied by 100, whereas A-grade chick (AC) percentage was calculated as the number A-grade chicks relative to the total number of chicks multiplied by 100.
Statistical Analysis
Prior to analysis, data were examined for the degree of uniformity and homogeneity of variance and were verified for the normality. Thereafter, the collected data were analyzed through ANOVA technique in factorial arrangement under RCBD by using the GLM procedure of SAS (SAS Institute Inc., 2002-03). Se source and Aseel variety were taken as main effects. Interaction of Se source and Aseel variety was also tested. Post-hoc comparison among treatment means was made through Duncan's Multiple Range test (SAS Institute Inc., 2002-03) at 5% probability level. Individual hen was taken as the experimental unit.
RESULTS
Settable Egg and Fertility
Hens fed organic Se supplemented diets had greater SE (P = 0.043) than those fed inorganic and control, whereas varieties independently (P = 0.587) and in interaction with Se supplemented diets (P = 0.199) could not influence SE (Table 2) . Organic Se fed birds had improved F (P = 0.001) as compared to those fed inorganic and without Se. Among varieties, MS hens had lower F (P = 0.012) than those of rest three varieties. However, no difference was observed in F (P = 0.142) during interaction of Se sources and varieties (Table 2) .
Hatch of Fertile Eggs and Hatchability
Organic Se fed birds indicated improved HF (P = 0.001) followed by those fed control and inorganic Se. Among different varieties, MS demonstrated lower HF (P = 0.001) than the other three varieties. Interaction of Se source and variety also showed a difference in HF (P = 0.004; Table 2 ). Birds fed with organic Se supplemented diet indicated enhanced H (P = 0.001) compared to those fed inorganic or no Se. Among different varieties, MS depicted lower H (P = 0.011) than those of other three varieties. Interaction of Se source and variety also indicated difference in H (P = 0.047; Table 3 ).
A-grade Chick and Embryonic Mortality
Maximum AC (P = 0.001) was observed due to organic Se supplemented diet followed by those of control and inorganic Se. Among varieties, MS had lower AC (P = 0.002) than the other three varieties, whereas interaction of Se source and variety could not influence AC (P = 0.532; Table 3 ). Birds fed organic Se supplemented diet depicted reduced EM (P = 0.004) compared to those fed inorganic or no Se. Varieties independently showed similar pattern in EM (P = 0.727), whereas interaction of Se source and variety showed difference in EM (P = 0.002; Table 3 ).
DISCUSSION
Fertility is an important parameter in chickens that reflects the actual reproductive capacity of breeding hens. Various factors such as storage period, breed, season, pre-incubation, lighting, level of nutrition, mating, and time of mating, influence fertility (Miazi et al., 2012) . Similarly, hatchability is a trait of economic importance in the chicken industry because of its strong effect on chick output (Wolc et al., 2010) . Good hatchability of eggs to some extent is heritable, but is determined by a complicated genetic constitution and the environment (Peters et al., 2008) .
Settable Egg, Fertility, Hatch of Fertile Eggs and Hatchability
Our results confirmed quite clearly that the organic Se in the diet of Aseel hens significantly affects reproduction performance. Dietary supplementation of organic Se in the present study improved SE, F, HF, and H in Aseel hens. As mentioned earlier, the birds used in this experiment were 50 wk old. It is reported that fertility and hatchability declines with an increase in age due to the older hen's inability to hold sperm in the sperm storage tubules (SST) (Fasenko et al., 1992) . In addition, Fairchild et al. (2002) concerned that changes in SST may alter the number of sperm that can be stored, and less than optimal sperm numbers could contribute to a negative effect on fertility. It is quite possible that supplementation of organic Se in the diet of Aseel hens might have ameliorated F, HF, and H due to its special characteristic of improving the environment of SST in the hen's oviduct (Surai, 2000) , allowing sperm to live longer, increasing the time length of sperm storage and the average number of sperm holes in the yolk layer (Agate et al., 2000) . Moreover, the normal hatching process in poultry results in the overproduction of free radicals (FR) and lipid peroxidase, which can potentially damage the chick embryonic tissues (Surai, 2000) , resulting in reduced hatchability (Surai, 2000; Surai, 2016) . Organic Se enhances body antioxidant capacity and removes FR more efficiently than the inorganic form, avoiding hatching stress and protecting the tissues from damage (Surai, 2006; Yuan et al., 2014) . Hence, the increased HF and H in organic Se fed group may be due to the improved antioxidant status of the embryos.
Furthermore, the egg collection and storage length in the present study ranged from 1 to 14 days because of the small flock size and the need to get a representative sample of eggs. This kind of long egg storage causes deterioration in albumen quality (Petek and Dikmen, 2006) , increasing the chances of significant reduction in hatchability (Lapao et al., 1999) . The supplementation of organic Se appeared to be beneficial in the present study as it improved HF and H, potentially by maintaining the integrity of the albumen (Stanley et al., 2012) . Moreover, the high percentage of HF and H in organic Se fed group can also be a result of high F in that group, since only fertile eggs can successfully hatch to chicks. On the other hand, the percentages of SE, F, HF, and H decreased in the inorganic Se fed group that may be due to the pro-oxidant (Djordjevic et al., 2016) and toxic effect of inorganic Se (Underwood and Suttle, 1999) .
Similar to these findings, improvement in settable eggs, hatch of fertile eggs, and hatchability were claimed as a result of organic Se (Sel-Plex) supplementation (Renema, 2004; Renema and Sefton, 2004; Renema, 2007; Osman et al., 2010) . Organic Se (Sel-Plex) is widely used in the poultry industry, and some benefits of its use, such as increased fertility, hatch of fertile eggs, and hatchability in laying hens, have been observed (Davtyan et al., 2006; Petrosyan et al., 2006) . Papazyan et al. (2006) elaborated the benefits of SY, suggesting that its inclusion in the diet of laying hens (Payne et al., 2005) , broiler breeders (Sluis, 2007) , and red-legged partridges (Ding et al., 2016) can enhance reproduction performance. Surai (2006) , Hanafy et al. (2009) and Wang et al. (2009) fed broiler breeders with Se in the organic form, selenomethionine (SM) and, likewise, obtained increased fertility, hatchability and hatchability of fertile eggs. Attia et al. (2010) used Se from different sources (SM, SY, and SS) in the diet of dual purpose breeding hens, but did not observe any change in fertility. Leeson et al. (2008) included SS, SY, or B-Traxim, whereas Urso et al. (2015) added SS and zinc L-selenomethionine in the diet of broiler breeders, but did not find any effect on hatchability of fertile eggs, concluding that there exists no correlation between Se source and hatchability of fertile eggs (Stepinska et al., 2012) .
Among varieties, MS had lower F, HF, H, and Agrade chicks than rest of three varieties. The disparity in fertility among different varieties may be due to the genetic variations as it is evident from the previous findings that genotypes (Hocking and Bernard, 2000) , different strains (Ishaq et al., 2013) , and local breeds (Galil, 2004) respond differently for fertility. That was also confirmed by Peters et al. (2008) who reported that the strain of the dam had prominent effect on fertility. Furthermore, lower HF and H in MS variety may be as a result of low F in that variety as only fertile eggs can successfully hatch to chicks. Moreki et al. (2014) observed higher fertility and hatchability in normal feathered chickens than naked neck, strengthening the argument that genotype is the major source of variation in reproduction characteristics (Abudabos, 2010; Adedeji et al., 2015) . Fikremariam and Tilahun (2016) , however, presented the facts other way round and observed no significant breed effect on fertility.
A-grade Chick and Embryonic Mortality
Initial chick quality is the major determinant of subsequent poultry performance. Parents' nutrition significantly influenced chick quality; supplementing organic selenium in Aseel parents' diets increased initial chick quality (A-grade chicks). The increased chick quality due to organic Se may be attributed to its distinct characteristic of expressing positive effects on the environment and decreasing pollution with a less toxic activity than that of the inorganic form of the element (Kim and Mahan, 2001) . The observed results are in accordance with Pappas et al. (2006) whose study showed that chicks derived from parents fed selenium (Sel-Plex) enriched diets were heavier at hatch. Similarly, hatchlings derived from broiler breeders fed diets containing zinc-L-selenomethionine were heavier when breeders were 29 and 33 wk old, as well as during the entire study period compared with inorganic selenium (Urso et al., 2015) . Furthermore, the benefits of SM have been reported in the literature, indicating that it may replace SS (Hanafy et al., 2009 ). However, the percentage of A-grade chicks decreased in inorganic Se fed group in this study that may be due to the pro-oxidant (Djordjevic et al., 2016) and toxic effect of inorganic Se (Underwood and Suttle, 1999) .
Chick embryonic mortality has long been a subject of biological interest as well as issue of economic importance (Xi et al., 2012) . Supplementation of organic Se in the diet of Aseel hens reduced EM. Dramatic changes in respiration and the pipping during the late period of development result in the overproduction of reactive oxygen species and other FR (Yuan et al., 2014) , which can potentially damage the chick embryo tissues, resulting in increased embryonic mortality. It has previously been reported that organic Se is more potent than inorganic sources and regulates antioxidant system more effectively (Surai, 2016) , providing a better chance for embryos to respond to stress conditions by synthesizing additional selenoproteins . Hence, the reduced EM in the present study may be due to the direct effect of organic Se on the GPx activities of the chick embryos, protecting them from lethal oxidative stress and enhancing their survivability. Similar findings were also observed by Wang et al. (2009) and Yuan et al. (2014) who included SM in the diet of broiler breeders, concluding that embryonic mortality can be reduced with the use of organic Se (Stanley et al., 2012) . In contrast, Stepinska et al. (2012) observed more dead embryos in the flocks fed organic selenium. In literature, no effect of Se sources, SM, SY, and SS (Attia et al., 2010) or Sel-Plex on embryonic mortality in breeding hens (Pappas et al., 2005) has also been reported.
CONCLUSIONS
The results of this study indicate that it is possible to change reproduction characteristics of Aseel hens by manipulating dietary antioxidant compounds. The dietary supplementation of Se-enriched yeast, as an organic selenium source, can be used to improve hatching traits as well as reduce embryonic mortality in Aseel chicken. Among varieties, Mushki showed poorer reproduction performance than the other three varieties.
